Abstract
Introduction
The development of the national economy, the expansion of the scale of production as well as mechanical and automation level, for palletizing technology has provided a broad space. Especially robotic palletizing technology, because it has the simple structure, wide application range, small space occupation, high flexibility, low cost and convenient maintenance [1] , widely used in pharmaceutical, petrochemical, food, home appliances, agricultural and other industries, and gradually become a trend [2 ,3] .
Palletizing robot gradually occupies the mainstream position in the palletizing machinery because of its flexible operation, simple mechanical structure, large carrying capacity and high technology content [4, 5] . This paper analyzes the structure of the palletizing robot, shown in Figure 1 .
Robot dynamic loads determine its working abilities. Now commonly methods used in robot dynamics analysis [6, 7, 8] such as the Lagrangian method, Gauss method, Kane method, spinor method and Robertson -Weiden Fort method can be applied in the analysis of the robot, but the dynamic static method has been widely welcomed in the actual engineering design and control process for its easier to program to solve the robot. The method could be speculated in a series of robot research, say gait planning [9] , which showed change curves of every joint angle of humanoid robot at dynamic walking and sequence diagrams of a complete dynamic walking, and vibration analysis [10] indicated that the change in displacement over time occurs more significantly along the z-axis than the x-, y-axis, and the value of a displacement vector sum is somewhat larger in the C30 than in the C60 fullerenes.
In this paper, as to one kind of palletizing robots, we conduct a detailed analysis of its force in the process of work, using the static dynamic method, in order to calculate the force of all the key components and key axis of the robot in the course, for providing the basis of its structure design, structural optimization, selection of drive components and dynamics-based control. Similar works can be seen in literature [11] that proposed a detailed algorithm about mechanical design and kinematic analysis had been done of a new kind of palletizing robot. 
Dynamic static mathematical model of the robot
The guiding ideology of robot dynamic static analysis is that at first using lumped-mass method, concentrate the quality of the activity components at their center of mass, then apply the d'Alembert principle to calculate the instantaneous inertial force, list the balance equation by the balance between the force and moment and establish the dynamic model. This method is easy to understand and its concept is clear, but more complicated for articulated robot with more space freedom. As the palletizing robot is 4-DOF space joint robot, the method is very suitable. As to space joint robot, literature [12] presented a computational methodology for analysis of space robot manipulator systems, considering the effects of the clearances in the joint. In literature [13] a robot joint mathematical model has been developed where several nonlinearities had been taken into account. The way of thinking dealing with these research is fundamental to this paper.
Robot force analysis
We can see in the robot's Pro / E model that BCED, DFIJ, DGHJ are parallelogram, DE and DF are of the same length. Figure 2 shows the force analysis sketch of palletizing robot,in which θ1, θ2represents the rotation of the forearm and arm relative to the horizontal axis ; G0, G1, G2, G3, respectively, for gravity of the load, the end of the actuator, the forearm and the arm, K, L, M represents the center of mass position of the end of the actuator ,the forearm and the arm. Parameters in Figure 2 can be measured by the robot Pro / E model, showed in Table 1 . CE,GH,FI are two-force link,F1,F2,F3 ,respectively, for the force. Faix,Faiy,Faiz:the inertial force of the load, the end of the actuator, the forearm and the arm in the X, Y, Z direction, in which i=0,1,2,3.
Fxi, Fyi: the force of hinge B,D,J in X,Y direction, in which i=1,2,3,4. Fx3, Fy3: the force of arm reducer shaft. Fx4, Fy4:the force of arm reducer shaft. M3, M4:the moment of force provided by the motor of forearm and arm and the reducer. Take only the inertia force of the load ,the end of the actuator ,the forearm and the arm into account,the inertia force and moment caused by others can be negligible since they are light.
Equation of dynamic statics
According to the force analysis diagram, each joint can be listed balance equation of force and moment ,using D'Alembert principle .
Take ∆ABC as the object of study, listed force and moment balance equation on the B-axis:
Take ∆DEF as the object of study, listed force and moment balance equation on the D-axis:
A 
Take BG as the object of study, listed force and moment balance equation on the D-axis:
Take DJ as the object of study, listed force and moment balance equation on the J-axis: 
Take HJ as the object of study, listed force and moment balance equation on the J-axis:
In ∆ABC,as∆ABC make plane movement，movement of each point and B point are of the same. Based on the the theorem of composition of accelerations, the acceleration of point B are: 
The center of mass of forearm L rotates around axis D and D in turn around the J-axis. According to the theorem of composition of accelerations: 
Then we obtain the acceleration of center of mass of the forearm a2 is: 
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The Center of mass of arm M only do rotation around the J-axis, so the acceleration of center of mass of arm a3 is: 2  3  3  2  2  3  3  2  2  3   2  3  3  2  2  3  3  2  2  3 sin( ) cos( ) 
The equations (1) to (11) constitute the dynamics statics mathematical model of the palletizing robot.
We can see that the equation has only θ1,θ2 two variables, the target amount M3,M4,FJ3,FJ4、FD1、 FD2,FB are the function of θ1,θ2. By programming in MATLAB to solve these unknowns, we can get the force of each key axis of palletizing robot in any work posture.
Example calculation
To be sample, we just give the solution of FB、FD1、FJ3、M3 through MATLAB programming and their simulation graph are shown in Figure 3-Figure 6 . In the simulation we can set θ2 or θ1 at 180°or 0°, neither approaching. Figure 6 . In the graphs of FD2,FJ3,FJ4,M3,M4, there are two cutting-edges and the reason is as follows: in the program, the value of θ1 and θ2 ranges from 25°to 150°,that is the real working state of the robot. We use the force and moment equilibrium equation to solve their target value; otherwise, the robot is in extreme position which does not exist in reality and we make it null, so there are cuttingedges at corresponding point in the graphs.
In the Figure 3 - Figure 6 , we can get the maximum of FB, FD1, FJ3 and M3, which are 6411N, 15768N, 22364N and 7394N respectively. Take FB in Figure 3 for example. From the output of MATLAB, we can get its maximum 6411N at the point of θ1=20°, θ2=81.2°and minimum 136.6N at the point of θ1= -103.2°, θ2=101.5°. We can also know how FB changes with θ1 and θ2 from the graph. In this way, we can get the other maximum, minimum and trend. In fact, we can get the posture of key shafts and components from the result. After analyzing the results above, we can check the structure of the robot and improve the original design. On the premise of a task, the program should make the robot avoid the high force point.
Conclusion
In the design of the robot palletizing, dynamic analysis and calculation is very important, and its for palletizing robot reliable, safe work provides the guarantee.In this paper, we build a dynamic statics model of palletizing robot. This model shows the relationship of movement and the force which can be used to analyze the force state in other similar robots. We use MATLAB to program and analyze the force of the robot in work and provide important data for structure check, designing improvement and dynamics control subsequently. 
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